The fluorescence of tryptophan solutions in glycerol, water and ethanol was measured as a function of temperature using steady state and timeresolved techniques. The non-radiative rate constants responsible for the variation of fluorescence quantum yields with temperature are evaluated. Spectral shifts occurring on the nanosecond scale are interpreted in terms of an inversion of 'Lb and IL, states produced by solvent perturbation.
Introduction
The effects of the environment on the excited states of tryptophan solutions is a subject of considerable interest since luminescence of proteins arises mostly from tryptophan residues. The knowledge of the excited state parameters in different media can be used to predict the behaviour of protein properties [l -31. The effects of polar solvents on the fluorescence of indoles and tryptophan have been investigated by many authors [ 41 using steady state measurements and fluorescence lifetimes but time-resolved fluorescence has not been extensively used.
A study of the fluorescence of dilute solutions of tryptophan in ethanol, glycerol and water at various temperatures using both steady state and timeresolved fluorescence techniques is reported here. Time-resolved luminescence in the nanosecond and subnanosecond regions is a promising technique in the field of physical biochemistry. Some examples of ways in which this technique may make a large contribution are investigations of possible fluctuations in protein structures [ 5] and of solvent-lattice interactions with excited states existing for very short times.
Experimental

Materials
L-Tryptophan and the solvents used were of high purity grade. Ethanol and glycerol were purified further by standard methods. Water was deionized and triply distilled. No impurities were detected in any of the solvents by luminescence and absorption techniques.
Absorption spectra
Absorption spectra were recorded in a Pye Unicam SP1800 spectrometer.
Fluorescence spectra
Fluorescence spectra were measured using steady state illumination on a spectrofluorimeter described elsewhere [6] and on a Perkin Elmer MPF44A spectrometer with the spectral correction determined by using a calibrated tungsten lamp and suitable quantum counters [7] . A concentration of 10m4 M was used in most of the samples. Fluorescence quantum yields were determined at room temperature and as a function of temperature using samples in an argon atmosphere or in vacuum. Details of the method and precautionsused have been described elsewhere 181. Polarization effects introduced by the apparatus and by fluorescence polarization were investigated in the wavelength and temperature ranges under consideration in order to minimize errors due to anisotropic photoselection [ 91. The excitation wavelength was kept at 280 nm and the exciting light was cut off between measurements to avoid photochemical reactions [ 101.
Time-resolved fluorescence
Time-resolved fluorescence spectra were obtained using a conventional pulse fluorimeter with a free-running high pressure nitrogen flash lamp. Details of the apparatus have been described by Thomaz et al. [ 111.
Results and discussion
Fluorescence spectra show a pronounced wavelength shift in different media which has no counterpart in absorption. This effect is illustrated in Fig. 1 for microcrystalline powder samples and for solutions in ethanol, glycerol and water at room temperature in which the corrected spectra were normalized to the maximum intensity. Spectral shifts were also observed for the same solvents as a function of temperature. This effect is shown for glycerol solutions below room temperature in The results obtained are tentatively interpreted using the model illustrated in Fig. 6 in which the potential energy is represented as a function of the solvent orientation polarization. In the absorption process both the lLb 
